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(57)Abstract: 

PURPOSE: To prevent the deterioration of efficiency due to the 
formation of a non-oscillation region by a solid laser at the time of a 
large hole diameter, and to enable laser oscillation having small 9d under 
wide operating conditions by forming the transmitting section of holed 
mirror as an output mirror for reducing 0d in a high transmittance 
section having small reflectivity. 

CONSTITUTION: A total reflection mirror 2 is arranged on one side of 
an Nd: YAG slab 1 1 and hold mirror 3 on the other side as an output 
mirror, and a beam expander expanding laser beams 6 toward the 
direction of the slab while interposing a convex cylindrical lens 41 and a 
concave cylindrical lens 51 is formed between the slab 11 and the 
output mirror 3. In the holed mirror 3 r a high reflecting surface is formed 
on the peripheral section 32 of the surface of a glass substrate through 
coating, and a residual central section is formed in a transmitting section 
31. Accordingly, when the hole section 31 slightly has reflectivity, laser 
beams 6 slightly remain even after they hit into the hole 31, thus 
preventing the deterioration of efficiency due to the formation of a non- 
oscillation region. 
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* NOTICES * 
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damages caused by the use of this translation. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Solid-stateHaser equipment characterized by the beam expander to which it sets to that by which a 
solid-state-laser medium is arranged between the total reflection mirror which counters mutually and is located, 
and an output mirror, the predetermined field of the center section of the output mirror has the front face of a 
low reflection factor and a high reflection factor [ part / other 1 and a laser beam is expanded toward the 
direction of a laser medium between a laser medium and an output mirror intervening. 

[Claim 2] Solid-state-laser equipment characterized by the beam expander to which it sets to that by which a 
solid-state-laser medium is arranged between the total reflection mirror which counters mutually and is located, 
and an output mirror, the predetermined field of the center section of the output mirror has the front face of a 
[ow reflection factor and a high reflection factor [ part / other ] t and a laser beam is expanded toward the 
direction of an output mirror between a laser medium and an output mirror intervening, 
[Claim 3] The plate-like soIid-stateHaser medium by which optical polish of the side face of the pair which 
countered between the total reflection mirror which counters mutually and is located, and the output mirror was 
carried out is arranged. In that to which the laser beam was made to progress in the optical polished surface 
where the above of a laser medium counters by repeating total reflection by turns Solid-state-laser equipment 
with which the predetermined field of the center section of the output mirror has the front face of a low 
reflection factor and a high reflection factor [ part / other ] f and the diameter is characterized by arranging a 
cylinder light guide line equal to the shortest crossing dimension of the low reflection factor field of an output 
mirror in general at the output side of an output mirror. 

[Claim 4] In that by which a solid-state-laser medium is arranged between the total reflection mirror which 
counters mutually and is located, and an output mirror The predetermined circular field of the center section of 
the output mirror has the front face of a low reflection factor and a high reflection factor [ part / other X Solid- 
stateHaser equipment characterized by arranging the cone-like light guide line which becomes small [ a 
diameter ] as the diameter of the optical plane of incidence is equal to the shortest crossing dimension of the 
low reflection factor field of an output mirror in general to the output side of an output mirror and keeps away 
from an output mirror to it. 

[Claim 5] The plate-like solid-state-laser medium by which optical polish of the side face of the pair which 
countered between the total reflection mirror which counters mutually and is located, and the output' mirror was 
carried out is arranged. While making the center section of the output mirror into a high reflection factor in that 
to which the laser beam was made to progress by repeating total reflection by turns in the optical polished 
surface where the above of a laser medium counters, the parts of a low reflection factor and the other part 
Solid-state-laser equipment characterized by arranging in parallel the laser beam beam outputted to two by 
dissociating by the amendment optical system which was made to form the beam waist of an oscillation laser 
beam on an output mirror, and has been arranged out of a resonator. 

[Claim 6] Solid-stateHaser equipment according to claim 5 which is the roof-like prism arranged so that 
amendment optical system may become perpendicular to the field containing the output laser beam beam from 
which the ridgeline of a roof was separated. 

[Claim 7] Solid-state-laser equipment according to claim 5 which is the rectangular prism which is made to 
reverse one side of the output laser beam beam from which amendment optical system was separated, returns, 
and is again reflected in the high reflection factor field of an output mirror. 

[Claim 8] Solid-state-laser equipment according to claim 5 which is the cube corner reflector which is made to 
reverse one side of the output laser beam beam from which amendment optical system was separated, returns, 
and is again reflected in the high reflection factor field of an output mirror 

[Claim 9] The plateHike solid-state-laser medium by which optica! polish of the side face of the pair which 
countered between the total reflection mirror which counters mutually and is located, and the output mirror was 
carried out is arranged. In that to which the laser beam was made to progress in the optical polished surface 
where the above of a laser medium counters by repeating total reflection by turns The predetermined field of the 
center section of the output mirror has the front face of a low reflection factor and a high reflection factor 
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[ part / other ]. Solid-state-laser equipment characterized by making the beam waist of an oscillation laser 
beam form on an output mirror, reflecting one side among the output laser beam beams divided into two, and 
pouring in into a resonator again from the low reflection factor field of an output mirror. 

[Claim 10] Solid-state-laser equipment according to claim 9 made to reflect one side of an output laser beam 
beam with a rectangular prism. 

[Claim 1 1] Solid-state-laser equipment according to claim 9 made to reflect one side of an output laser beam 
beam by the cube corner reflector. 

[Claim 12] The plate-like solid-state-laser medium by which optical polish of the side face of the pair which 
countered between the total reflection mirror which counters mutually and is located, and the output mirror was 
carried out is arranged. In that to which the laser beam was made to progress in the optical polished surface 
where the above of a laser medium counters by repeating total reflection by turns A means by which the 
predetermined field of the center section of the output mirror has the front face of a low reflection factor and a 
high reflection factor [ part / other ], and makes the beam waist of an oscillation laser beam form on an output 
mirror, and makes an oscillation laser beam the linearly polarized light, Solid-stateHaser equipment characterized 
by having a means to change the output laser beam beam divided into two into the light light and each other 
plane of polarization cross at right. angles, and a means to pile up two beams after plane-of-polarization 
conversion. 

[Claim 13] The plate-like solid-state-laser medium by which optical polish of the side face of the pair which 
countered between the total reflection mirror which counters mutually and is located, and the output mirror was 
carried out is arranged. In that to which the laser beam was made to progress in the optical polished surface 
where the above of a laser medium counters by repeating total reflection by turns The means which makes an 
oscillation laser beam the linearly polarized light, and a means to divide an output laser beam into two spatially to 
the monotonous cross direction, Solid-stateHaser equipment characterized by having a means to change the 
divided output laser beam beam into the light light and each other plane of polarization cross at right angles, and 
a means to pile up two beams after plane-of-polarization conversion. 

[Claim 14] The solid state laser equipment characterize by to set to that by which a cylinder-like solid state 
laser medium have be arrange between the total reflection mirror which counter mutually and be locate, and an 
output mirror, and to have a means change into a cylindrical beam the output laser beam which spread, the 
predetermined field of the center section of the output mirror have the front face of a low reflection factor and 
a high reflection factor [ part / other ], make the beam waist of an oscillation laser beam form on an output 
mirror, and spread in the shape of a cone. 

[Claim 15] Solid-state-laser equipment according to claim 14 which changes an output laser beam into a 
cylindrical beam with a cone lens. 

[Claim 16] The plate-like solid-state-laser medium by which optical polish of the side face of the pair which 
countered between the total reflection mirror which counters mutually and is located, and the output mirror was 
carried out is arranged. In that to which the laser beam was made to progress in the optical polished surface 
where the above of a laser medium counters by repeating total reflection by turns Solid-stateHaser equipment 
with which the predetermined field of the center section of the output mirror is characterized by carrying out 
ON light of the output laser beam which has the front face of a low reflection factor and a high reflection factor 
[ part / other ], is made to form the beam waist of an oscillation laser beam on an output mirror, and is divided 
into two to a separate optical fiber. 

[Claim 17] The plate-like solid-state-laser medium by which optical polish of the side face of the pair which 
countered between the total reflection mirror which counters mutually and is located, and the output mirror was 
carried out is arranged. Solid-state-laser equipment characterized by carrying out ON light of the laser beam to 
which the laser beam divided and divided the output laser beam into two spatially crosswise [ monotonous ] in 
what was made to progress in the optical polished surface where the above of a laser medium counters by 
repeating total reflection by turns to a separate optical fiber, 

[Claim 18] Solid-state-laser equipment characterized by considering as the resonator configuration in which it 
sets to that by which a solid-state-laser medium is arranged between the total reflection mirror which counters 
mutually and is located, and an output mirror, the predetermined field of the center section of the output mirror 
has the front face of a low reflection factor and a high reflection factor [ part / other ], and the beam diameter 
in a resonator becomes max on an output mirror. 

[Claim 19] Solid-state-laser equipment given in either claim 1 with the circular low reflection factor field of an 
output mirror 12 and 14 thru/or 16 and 18. 

[Claim 20] Solid-state-laser equipment given in either of claims 1, 2, 4, and 18 whose solid-state-laser media 
are plate-like and whose low reflection factor fields of an output mirror are **Hike. 

[Claim 21] Solid-stateHaser equipment given in either of claims 3, 5, 6, 7, 8, 9, 10, 1 1, 12, and 16 whose low 
reflection factor fields of an output mirror are **Hike, 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the solid-state-laser equipment with which the solid-state-laser 

medium has been arranged between a total reflection mirror and an output mirror. 

[0002] 

[Description of the Prior Art] The solid state laser represented by the YAG laser mainly has many operating 
experiences in the laser-beam-machining field from it being small and being easy to use. Moreover, recently, it 
also came to permeate many fields, such as measurement and medicine, widely. It is how, as for an important 
thing, the light of high quality with high condensing nature obtains in application of solid state laser. It is a beam 
diameter [ in / theta and / in d / a beam waist ] in here where thetad is generally used as a scale of the quality 
of a laser beam. [ a beam divergence angle ] thetad is saved even if a laser beam is changed by the lens. That is, 
it is the diameter of a beam waist of theta 1 and a condensing point about the converging angle at the time of 
condensing a laser beam with a convex lens d1 When it carries out, it is theta d~theta 1d1. It is realized. 
Therefore, theta 1 It is dl, when it similarly takes and thetad is small. It becomes small and a laser beam can be 
condensed at a small spot. If a laser beam can be extracted small, high energy density will be obtained and 
workability ability will improve. Moreover, also when transmitting a laser beam with an optical fiber, what has a 
small diameter can be used. If the diameter of a fiber is small, outgoing radiation light can be condensed at a 
small spot. 

[0003] As an approach usually used in order to make thetad small, it is (a), (b) which enlarges cavity length (c) 
which inserts a beam expander into a resonator (d) using an unstable resonator It sets to solid state laser and is 
a plate, (slab) (e) using the laser medium of a ** A laser beam is outputted from the pinhole established in the 
output mirror. 
[0004] with ** 

[Problem(s) to be Solved by the Invention] The lens 21 of the focal distance f as shown in drawing 2 is inserted, 
and it is a1. Radius of curvature R1 which keeps its distance A total reflection mirror 22 and a2 Radius of 
curvature R2 which keeps its distance The stability of the optical resonator with which opposite arrangement of 
the output mirror 23 is carried out can be expressed with resonator parameter g1 =1-a2/f-aO/R1g2 =1~a1/f- 
aO / R2. It is aO =a1+a2-a1 a2/f here. g1 and g2 If it uses, the conditions by which a laser beam is shut up in a 

resonator will become 0<g1 g2 <1 (1). Moreover, g1 and g2 Change also changes theta and d. 

[0005] Usually, with the equipment using the laser rod-like medium used, temperature is high in the rod center 
section, and a periphery becomes low. Therefore, convex lens of a kind [ medium / laser] (heat lens) It carries 
out, and since it acts, it becomes a resonator configuration equivalent to drawingjZ . The focal distance f of a 
heat lens is the resonator parameter g1 and g2 by the laser output, in order to change with input energies. It 
changes. g1 arid g2 When it changes, not only depending on thetad changing but depending on the case, it is a 
formula (1). Conditions for stability are no longer fulfilled and an oscillation becomes difficult. 
[0006] It is the above (a) in order to make thetad small. When cavity length is enlarged, it is a 1 and a2. It 
becomes large. Therefore, a slight change off is also g1 and g2. It comes to change a lot and the engine 
performance of a target is no longer obtained only on condition that specification, (b) Since it is equivalent to 
enlarging cavity length, the approach using a ** beam expander is (a). The conditions from which the engine 
performance of a target is obtained will be limited like a method, (c) Although the approach using 
************** is a means very leading when making thetad small, it is (a) when a thermal lensing effect is 
large, (b) Similarly except the limited condition the high engine performance is not obtained, (d) It is the approach 
of reducing the ************** itself and is (a), (b) (c) It differs fundamentally. However, there is a problem 
[ d / slab cross direction theta] of being large, in this case. Moreover, it is difficult for a beam to condense it at 
a circular spot with a rectangle, since thetad also changes with directions. Therefore, un-arranging [ that cutting 
width of face changes with migration directions of a beam in laser beam cutting ] arises. 
[0007] (e) It is mainly used for the small gas laser of gain for many years, and the approach of establishing a 
minute pinhole in a ****** mirror is C.KN.Patel et al r Appl.Phys.Lett, Vol.4, and No.1(1964) P18. The example is 
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indicated. Moreover, in D.E.McCumber, The BellSystem Technical Journal, and VoL44(1965) P333, detailed 
resonance modal analysis in case a hole is in an output mirror is made. Hole (hole) Since it is almost equal, as for 
the case where the method using the existing output mirror uses the usual partial transparency mirror r and 
theta, only the part to which d becomes small can make thetad small. In this case, the transmission of an output 
mirror is given at a rate that the area of the pin pole occupies to the beam cross section. The way of estimating 
effective permeability in this way stops however, realizing as this is effective only when the diameter of a pinhole 
is small, and the diameter of a pinhole becomes large. This is because laser oscillation stops occurring near the 
-center section of the laser medium 25, when the bore diameter of a total reflection mirror 2 and the output 
mirror 24 of the opposite side becomes large to the laser medium 25, as shown in drawing 3 . Therefore, 
effective permeability will become smaller than the above-mentioned value. For this reason, by laser with the 
large optimal permeability, it becomes difficult to obtain the target permeability and high effectiveness is not 
acquired. Moreover, that the part which is not oscillated is made itself causes degradation. The technical 
problem about the ON light to an optical fiber is one of things common to solid state laser besides above. As 
mentioned above, the conditions which make the diameter of a condensing spot smaller than the diameter of an 
optical fiber are filled with making thetad smaller than the value of a certain purpose. However, even if this 
condition is fulfilled, when carrying out incidence of the laser beam to the optical fiber with a diameter of 1mm or 
[ess usually used, in order to make a condensing spot in agreement with a fiber incidence edge, there is a 
problem that delicate accommodation is required and the regulatory mechanism for it also becomes complicated. 

[0008] The first purpose of this invention is to solve the above-mentioned fault of the conventional solid state 
laser, and offer the solid state laser in which the laser oscillation of the small high beam quality of thetad is 
possible by the large service condition. The second purpose of this invention is to solve the above-mentioned 
fault of the conventional slab laser, and obtain a circular condensing beam. The third purpose of this invention is 
to solve the above-mentioned fault of the conventional solid state laser, and offer the solid state laser which 
can carry out ON light to an optical fiber easily. 
[0009] 

[Means for Solving the Problem] In order to attain the first above-mentioned purpose, the first this invention 
sets to the solid-state-laser equipment with which a solid-state-laser medium is arranged between the total 
reflection mirror which counters mutually and is located, and an output mirror, the predetermined field of the 
center section of the output mirror has the front face of a low reflection factor and a high reflection factor 
[ part / other ], and the beam expander to which a laser beam is expanded toward the direction of a laser 
medium between a laser medium and an output mirror should intervene. Moreover, the second this invention 
shall be set to that by which a solid-state-laser medium is arranged between the total reflection mirror which 
counters mutually and is located, and an output mirror, the predetermined field of the center section of the 
output mirror shall have the front face of a low reflection factor and a high reflection factor [ part / other ], and 
the beam expander to which a laser beam is expanded toward the direction of an output mirror between a laser 
medium and an output mirror should intervene. 

[0010] In order to attain the above-mentioned first and the second purpose, the third this invention The plate- 
like solid-state-laser medium by which optical polish of the side face of the pair which countered between the 
total reflection mirror which counters mutually and is located, and the output mirror was carried out is arranged. 
In the solid-state-laser equipment with which the laser beam was made to progress in the optical polished 
surface where a laser medium counters by repeating total reflection by turns The predetermined field of the 
center section of the output mirror shall have the front face of a low reflection factor and a high reflection 
factor [ ** / part / of an except ], and the cylinder light guide line equal to the shortest crossing dimension of 
the low reflection factor field of an output mirror in general should be arranged in the output side of an output 
mirror for the diameter. 

[001 1] In order to attain the above-mentioned first and the third purpose, the fourth this invention In the solid- 
state-laser equipment with which a solid-state-laser medium is arranged between the total reflection mirror 
which counters mutually and is located, and an output mirror The predetermined circular field of the center 
section of the output mirror has the front face of a low reflection factor and a high reflection factor [ part / 
other ]. The cone-like light guide line which becomes small [ a diameter ] should be arranged as the diameter of 
the optical plane of incidence was equal to the shortest crossing dimension of the low reflection factor field of 
an output mirror in general to the output side of an output mirror and kept away from the output mirror to it, 
[0012] In order to attain the first above-mentioned purpose, the fifth this invention The plate-like solid-state- 
laser medium by which optical polish of the side face of the pair which countered between the total reflection 
mirror which counters mutually and is located, and the output mirror was carried out is arranged. While making 
the center section of the output mirror into a high reflection factor in the solid-state-laser equipment with 
which the laser beam was made to progress by repeating total reflection by turns in the optical polished surface 
where the above of a laser medium counters, the parts of a low reflection factor and the other part The beam 



waist of an oscillation laser beam shall be made to form on an output mirror, and the laser beam beam outputted 
to two by dissociating by the amendment optical system arranged out of a resonator shall be arranged in parallel. 
[ whether it is the roof-like prism arranged so that amendment optical system may make it perpendicular to the 
field containing the output laser beam beam separated in the ridgeline of a roof T and ] [ whether it is the 
rectangular prism which is made to reverse one side of the separated output laser beam beam, returns, and is 
again reflected in the high reflection factor field of an output mirror, and ] Or it is effective that it is the cube 
corner reflector which is made to reverse one side of the separated output laser beam beam, returns, and is 
again reflected in the high reflection factor field of an output mirror. The sixth this invention moreover, between 
the total reflection mirror which counters mutually and is located, and an output mirror In the solid-state-laser 
equipment with which the plate-like solid-state-laser medium by which optical polish was carried out is arranged, 
and the side face of the pair which countered was made to progress by a laser beam repeating total reflection by 
turns in the optical polished surface of the above of a laser medium where it counters The predetermined field of 
the center section of the output mirror has the front face of a low reflection factor and a high reflection factor 
[ part / other ]. The beam waist of an oscillation laser beam shall be made to form on an output mirror, one side 
shall be reflected among the output laser beam beams divided into two, and it shall pour in into a resonator again 
from the low reflection factor field of an output mirror. It is good to reflect one side of an output laser beam 
beam by the rectangular prism or the cube corner reflector. 

[0013] In order to attain the first above-mentioned purpose, further the seventh this invention The plate-like 
solid-state-laser medium by which optical polish of the side face of the pair which countered between the total 
reflection mirror which counters mutually and is located, and the output mirror was carried out is arranged. In 
the solid-state-laser equipment with which the laser beam was made to progress in the optical polished surface 
where the above of a laser medium counters by repeating total reflection by turns A means by which the 
predetermined field of the center section of the output mirror has the front face of a low reflection factor and a 
high reflection factor [ part / other ], and makes the beam waist of an oscillation laser beam form on an output 
mirror, and makes an oscillation laser beam the linearly polarized light, It shall have a means to change the 
output laser beam beam divided into two into the light light and each other plane of polarization cross at right 
angles, and a means to pile up two beams after plane-of-polarization conversion. The eighth this invention 
moreover, between the total reflection mirror which counters mutually and is located, and an output mirror The 
plate-like solid-state-laser medium by which optical polish of the side face of the pair which countered was 
carried out is arranged, and a laser beam resembles the solid-state-laser equipment which was made to advance 
in the optical polished surface of the above of a laser medium where it counters by repeating total reflection by 
turns, and it sets. It has a means to change the output laser beam beam which divided crosswise [ monotonous ] 
the means which makes an oscillation laser beam the linearly polarized light, and the output laser beam with a 
means to divide into two spatially into the light light and each other plane of polarization cross at right angles, 
and a means to pile up two beams after plane-of-polarization conversion. 

[0014] In order to attain the first above-mentioned purpose, in addition, the ninth this invention In the solid- 
state— laser equipment with which the cylinder-like solid-state-laser medium has been arranged between the 
total reflection mirror which counters mutually and is located, and an output mirror It shall have a means to 
change into a cylindrical beam the output laser beam spread, the predetermined field of the center section of the 
output mirror having the front face of a low reflection factor and a high reflection factor [ part / other 1 making 
the beam waist of an oscillation laser beam form on an output mirror, and spreading in the shape of a cone. And 
it is effective to change an output laser beam into a cylindrical beam with a cone lens. The tenth this invention 
between the total reflection mirror which counters mutually and is located, and an output mirror In the solid- 
state-laser equipment with which the plate-like solid-state-laser medium by which optical polish was carried out 
is arranged, and the side face of the pair which countered was made to progress by a laser beam repeating total 
reflection by turns in the optica! polished surface of the above of a laser medium where it counters The 
predetermined field of the center section of the output mirror shall carry out ON light of the output laser beam 
which has the front face of a low reflection factor and a high reflection factor [ part / other ], is made to form 
the beam waist of an oscillation laser beam on an output mirror, and is divided into two to a separate optical 
fiber. The eleventh this invention between the total reflection mirror which counters mutually and is located, and 
an output mirror In the solid-state-laser equipment with which the plateHike solid-state-laser medium by which 
optical polish was carried out is arranged, and the side face of the pair which countered was made to progress 
by a laser beam repeating total reflection by turns in the optical polished surface of the above of a laser medium 
where it counters ON light of the laser beam which divided and divided the output laser beam into two spatially 
to the monotonous cross direction shall be carried out to a separate optical fiber. It shall set to the solid-state- 
laser equipment with which a solid-state-laser medium is arranged between the total reflection mirror which 
counters mutually and is located, and an output mirror, the predetermined field of the center section of the 
output mirror shall have the front face of a low reflection factor and a high reflection factor [ part / other ], and 
the twelfth this invention shall consider it as the resonator configuration in which the beam diameter in a 



resonator becomes max on an output mirror. The low reflection factor field of an output mirror is circular, or 

when a solid-state-laser medium is plateHike, it is good that it is **Hike. 

[0015] 

[Function] this invention person considered that the problem to which the effective permeability of an output 
mirror will fall if a hole mirror is used for an output mirror was solvable by giving a reflection factor slightly to the 
part of a hole. Such a mirror can be easily manufactured by performing coating which specifically makes the part 
equivalent to a hole high transmission not using an actual hole, and makes other parts a high reflection factor. 
Since it will remain slightly also after the laser beam which goes and comes back to the inside of a resonator 
hits a hole if the part of a hole has a reflection factor slightly, the mode in which the whole laser medium is 
occupied is always formed, and the degradation by formation of a non-oscillated field can be prevented, 
furthermore, this invention person considered that it was markedly alike and the engine performance of laser 
could improve by combining a beam expander with this method, 

[0016] The first invention arranges a beam expander so that a beam may be reduced toward the direction of an 
output mirror, reducing a beam diameter just before an output mirror with the beam expander in a resonator — a 
bore diameter — small — carrying out — in addition — and it is possible to make effective permeability high. 
The approach of arranging a beam expander in this way is (b) of the above-mentioned conventional technique. It 
corresponds, and a stable oscillation field is narrowed, so that magnifying power of a beam expander is enlarged. 
However, since only the part which can make thetad small by the hole mirror can set up a dilation ratio small 
according to this invention, a stable zone becomes large and becomes possible [ attaining the engine 
performance of a target by the large service condition ]. 

[0017] The second invention is the approach of arranging the beam expander in a resonator so that a beam may 
be expanded toward the direction of an output mirror. Since thetad does not change before and behind a lens as 
already explained, theta of the laser beam which will be outputted if a beam is expanded by such arrangement 
becomes small. Of course, since d becomes large, it cannot make thetad small by the usual output mirror. 
However, the small laser beam of thetad can be outputted by using a hole mirror by this invention. Such 
arrangement is the above-mentioned conventional technique (b) about a beam expander. It is reverse, therefore, 
a stable zone — expanding — in addition — and thetad can be made small. 

[0018] These two methods are good to use properly with the distance of an output mirror and a condenser lens. 
As shown in drawing 4 , it is a beam diameter d1. The convex lens 21 of a focal distance f is put on the place of 
distance L1 from the first beam waist 26, light is condensed, and it is distance L2 from a lens. It is a path d2 to a 
place. A degree type is realized when forming the second beam waist 27, 

1/d2 2 = 1-/d1 2 (1-L1 / f) 2-(1/ftheta) 2 (2) theta is a beam divergence angle in the left-hand side of a 

lens here. With the resonator configuration which uses as a flat-surface mirror the output mirror generally used 
widely, the first beam waist is formed on an output mirror. 

[0019] First, it is LI by the case where detach distance and a condenser lens is placed from an output mirror. It 
is a formula (2) greatly. The case where the 2nd term can be disregarded is considered. In this case Since it 

becomes d2 **d1 / [1- (L1 / f)] (3), it is d2. It is d1 in order to make it small. What is necessary is just 

small. Therefore, the first invention is suitable in this case. 

[0020] On the other hand, it is especially L1 by the case where a condenser lens is placed near the output 

mirror. It is a formula (2) when close to f. The 1st term can be disregarded, it will become d2 **ftheta 

(4), and the second invention will be suitable. Formula (3) When realized, theta is d2 directly. It does not 
influence. However, since the beam diameter of the laser beam which reaches a condenser lens will become 
large if theta is large, it is inconvenient at that the lens of the diameter of macrostomia is needed, and the point 
that a converging angle becomes large. That is, there is no change in the smaller one of theta being desirable 
similarly even in this case. On the other hand, formula (4) It is d2 when realized. It is d1 although decided only by 
theta. If large, the diameter lens of macrostomia is needed also in this case. That is, it is desirable to use two 
methods properly by arrangement of a lens at a point with important any condensing method making thetad 
small, although it is the same. 

[0021] By sticking the third invention to an output mirror in the slab laser which uses a hole mirror, and 
arranging the transparency section and the cylinder light guide line where a diameter is almost equal, it is 
equalized while a laser beam repeats total reflection on a cylinder side face, and light guide line output light 
serves as a circular beam. Moreover, since thetad is also equalized, a condensing beam cross section also 
becomes a round shape. In the solid state laser which uses a hole mirror, it sticks to an output mirror, a 
diameter at the bottom arranges the almost equal cone light guide line of the transparency section, and the 
fourth invention connects an optical fiber to a light guide line outlet, a cone light guide line — for example, I.K — 
it is indicated by Optical and Quantum Electronics and Vol.23{1991) P.I 01 by Ilev and others. According to this 
invention, it is condensed to the target path, repeating total reflection on a cone side face, and ON light of the 
laser beam outputted from the hole mirror is carried out to an optical fiber. In this case, theta becomes large as 
it is condensed, but since thetad is saved, if thetad of the purpose is guaranteed at the hole mirror outgoing 



<- 



radiation time, fiber ON light will become possible. In order to condense the usual diameter laser beam of 
macrostomia to the diameter of a fiber only in a cone light guide line f by a light guide line's becoming large-sized, 
and using a hole mirror, although adoption is difficult as a matter of fact, a small cone light guide fine can be used 
and the fiber ON light by this method becomes possible. 

[0022] The fifth, sixth, seventh, ninth, and tenth invention uses that an output laser beam separates into two 
beams in the slab laser which uses a hole mirror with the resonator configuration in which a beam waist is made 
to form on an output mirror. Such a resonator configuration is possible, when a hole mirror is made into a flat 
surface and it makes a total reflection mirror a concave surface, fluoroscopy **** (FFP) of the output laser 
beam which measured drawing 5 by the slab laser by which the artificer used the diameter phi6mm hole mirror of 
the transparency section of this format it is . Output light divides this result into two, and whole theta shows 
that theta of each beam is very as smali as 7 or less mrads to 36mrad(s) and a large thing. 
[0023] As shown in drawing 6 , the comparison with a hole mirror resonator and the train of a convex (ens 21 
can explain this phenomenon. When a hole mirror is used, only a beam of light with a big inclination penetrates. 
And an outline decision of the effective transmission of an output mirror is made by the ratio of the beam cross 
section in a resonator, and the area of the hole section, so, effective permeability is oscillated in a core — low - 
- to degree the mode, it will be large and the higher mode will be small. Therefore, in a hole mirror resonator, 
only the mode of the maximum high order will almost oscillate, 

[0024] It is equivalent to the beam of light which vibrates and progresses with the maximum higher mode 
covering full in a lens train. When this beam of light crosses a core, that inclination becomes max so that clearly 
from drawing 6 , That is, in a hole mirror resonator, when an inclination becomes max, the beam of light involving 
the whole field regulated with slab hits the hole section, and is taken out outside. That is, the hole mirror will 
also have achieved the function which it not only regulates d, but chooses and outputs the beam of light of a 
specific inclination. 

[0025] In an old view, theta in this case is 36mrad(s), and is set to thetad=36x6=216mm mrad. However, originally 
it is the scale of brightness, (brightness **1/thetad) When considering thetad to carry out, since it is the include 
angle which the light to emit occupies, theta should except and consider the central deficit part. Namely, 
effective thetad=7x2x6=84mm mrad It becomes. However, it is a formula (4) when placing a condenser lens near 
the output mirror. Since the decided diameter of condensing is decided by whole theta, the advantage of a 
deficit being in the central part of output light is not employed efficiently. On the other hand, a condenser lens is 
detached and it is a formula (3). Since a condenser lens cannot be enough separated from an output mirror if 
output light separates into two also when condensing light in the field applied, the diameter of a condensing spot 
cannot be made small. 

[0026] By the fifth invention, it is drawing 7 (a). It is drawing 7 (b) about the light 71 and 72 which dissociates 
and progresses as shown. If a roof prism 13 amends in parallel so that it may be shown, d will be set to a 
minimum of 12mm by the ability setting whole theta to a minimum of 7 mrad. Thereby, thetad is a minimum of 84 
mm mrad. It becomes and is in agreement with the above-mentioned effective thetad. The sixth invention turns 
up one side of the output light to separate by a cube corner reflector etc., and pours it in into a resonator again 
from the output mirror hole section. Thereby, since it is set to a minimum of 6mm, d is a minimum of 42 mm 
mrad about thetad. It can carry out. 

[0027] In the seventh invention, in the same resonator as the fifth and sixth invention, after oscillating a laser 
beam as the linearly polarized light, 90 degrees of one plane of polarization of the beam divided into two are 
rotated, and both are piled up. Thereby, thetad is 42mm mrad like the sixth invention. It becomes. In the eighth 
invention, in the usual slab laser which does not use a hole mirror, a laser beam is oscillated by the linearly 
polarized light, and after separating an output laser beam crosswise [ slab ] two and rotating 90 degrees of one 
plane of polarization of the separated light, one side is laid on top of another side. Thereby, thetad can be set to 
one half of thetad of output light. 

[0028] The ninth invention applies a hole mirror to rod mold solid state laser, A laser beam is outputted by the 
principle same when a hole mirror is used by rod mold laser as a conic light which lacked the core as output light 
separates into two in slab laser, then, the same view as the fifth invention — this conic light — cone lens 
(axicon) etc. — it changes into cylinder-like light and the whole flare angle is made small, 

[0029] The tenth invention is applied in case ON light of the laser beam is carried out to two optical fibers. Like 
in the slab laser which used the hole mirror, output light separates into two and each thetad is very smali. 
Therefore, by carrying out ON light of these to another optical fiber, a leeway is given for a close striation affair 
and adjustment also becomes easy. Moreover, a narrow diameter optical fiber can be used. 

[0030] The eleventh invention is applied in case ON light of the laser beam is carried out to two or L more optical 
fibers. Although the slab laser of thetad of the slab cross direction is large, thetad of the slab thickness direction 
is small. Then, near the output mirror, by dividing a laser beam beam into two or more beams spatially crosswise 
[ slab ], d can be reduced to 1/[the number of partitions], and every direction can obtain the small laser beam of 
thetad. theta is reducible if a laser beam beam is divided similarly at the point distant from the output mirror. 



That is, according to this invention, it cannot call at the point of beam division, but thetad can obtain two or 
more original laser beam beams of 1/[the number of partitions]. By carrying out ON light of such light to a 
respectively different optical fiber, a leeway is given for a close striation affair and adjustment also becomes 
easy. Moreover, a narrow diameter optical fiber can be used. 

[0031] Unlike the method which makes a beam waist form on an above-mentioned hole mirror, the twelfth 
invention puts a hole mirror on the location where the path of the laser beam in a resonator becomes large. This 
approach corresponds, when using the concave surface mirror 2 side of the hole mirror resonator of drawing J3 
as a hole mirror. Since the inclination of the light which passes the hole section becomes so small that it 
separates from a beam waist, in this arrangement, the whole beam flare angle becomes smaller than the case 
where a hole mirror is placed on a beam waist. Therefore, although this method is not suitable for the purpose 
which separates a beam, when using the output light from a hole mirror as it is, it is a method which is easy to 
use. 
[0032] 

[Example] Drawing which gave the same sign to the part common to each drawing hereafter is quoted, and the 
example of this invention is explained, drawing J — the first invention — slab mold Nd: — it is the example 
applied to the YAG laser. Slab laser applied this invention in order for thetad of the slab thickness direction to 
improve only thetad of the slab cross direction here, since it is very small. The hole mirror 3 which has a total 
reflection mirror 2 in the 1 side of the Nd:YAG slab 1 1 among drawing, and has the transparency section 31 of a 
low reflection factor in the center section as an output mirror at the side else is arranged, and the beam 
expander to which the convex cylinder lens 41 and the concave cylinder lens 51 are made to intervene between 
slab 1 1 and the output mirror 3, and a laser beam is expanded toward the direction of slab is formed. The hole 
mirror 3 forms a high reflector in the periphery 32 of the front face of a glass base by coating, and makes the 
center section which remained the transparency section 31. The diameter of the transparency section 31 was 
decided to be 6mm so that effective permeability might become the optimal. The light which comes out of slab 
1 1 and goes to the output mirror 3 reaches the hole mirror 3, after having beam width reduced by the beam 
expander which consists of cylinder lenses 41 and 51. Each every direction of the cross section of the laser 
beam 6 after contraction becomes circular [ the cross-section configuration NFP of the output laser beam 7 
just behind an output mirror, i.e., a near-field pattern, ], when larger than the diameter of the transparency 
section 31. However, since distribution of theta of the direction of a beam cross section is a rectangle, the 
cross-section configuration FFP in the point distant from the output mirror enough, i.e., a far field pattern, 
serves as a rectangle. When one of every direction of a laser beam cross section equivalent to the output mirror 
3 is smaller than the diameter of the transparency section 31, a rectangular parallel part appears in a part of 
NFP. 

[0033] Drawing 8 is another example of the first invention. Although this has the same structure as drawing 1 , it 
differs in that the stripe mirror 33 which has the band-like transparency section 34 is used for the output mirror. 
It is enough as thetad of the slab thickness direction of slab laser just to improve only crosswise thetad 
originally, since it is small in many cases. Then, in slab laser, the surra ripe mirror which restricts only the beam 
width of the slab cross direction instead of a hole mirror can be used like this example. This is being able to say 
to all the examples about slab laser below. 

[0034] draw ing 9 — the second invention — rod mold Nd: — it is the example applied to the YAG laser, and 
between the NdrYAG rod 12 and the hole mirror 3, a convex lens 4 is arranged to the direction near a concave 
lens 5 and an output mirror, and the beam expander to which a laser beam 6 is expanded toward the direction of 
the output mirror 3 is formed in the direction near a rod. In this case, both NFP and FFP are circular. The 
diameter of the transparency section 31 of the hole mirror 3 of this example was set to 4-5mm. 
[0035] drawing 10 — slab mold Nd: of the third invention — the cylinder light guide line 8 which is an example 
using YAG laser 1 1 and has the diameter of the transparency section 31 of the hole mirror 3 and an almost 
equal diameter behind the hole mirror 3 is arranged. The side face uses the glass rod flat optical enough for the 
cylinder light guide line 8 here. In this example, after the laser beam which came out of the hole mirror 3 goes 
into the cylinder light guide line 8 and almost all the directions component carries out total reflection several 
times on a side face, it is taken out from termination as an output light 7. Thus, since the direction of light is 
mixed in a light guide line, each NFP and FFP of the output light 7 become circular. Therefore, if output light is 
condensed with a lens, a circular condensing beam will be obtained. Moreover, since thetad is saved by light 
guide line 8 passage, thetad of the output light 7 does not exceed the maximum of thetad of light guide line 
incident light. 

[0036] drawing 11 — rod mold Nd: of the fourth invention — it is an example using YAG laser 12, and the cone 
light guide line 9 has been arranged behind the hole mirror 3, and it is continuously connected with the optical 
fiber 10 for optical transmissions. The laser beam which came out of the hole mirror 3 is introduced into the 
direct cone light guide line 9, and is drawn in an optical fiber 10. Since thetad is saved also in this case, thetad of 
the light 7 outputted from fiber 10 edge is equal to thetad of hole mirror output light. 



[0037] Of course, it is also possible to apply the first invention to rod laser and to apply the second invention to 
slab laser in addition to the above example. Moreover, it is also possible to add the beam expander by the 
second invention to the example of the third and fourth invention for a start. Drawing 12 is the first example of 
the fifth invention. At this example, it is drawing 7 (b). The roof prism 13 has amended the output light beam 7 
divided into two in parallel light the same with having been shown. However, it is necessary to change the tilt 
angle beta of the roof prism shown in oVaw[ng 7 according to the whole beam flare angle in the example of 
drawing 12. Therefore, some kinds of prism 13 with which beta differs is prepared, and what selects the optimal 
thing if needed is needed. Moreover, when a flare angle changes depending on an output, even if it selects the 
optima! roof prism on condition that specification, if a service condition changes, optimum conditions will no 
longer be fulfilled and theta after amendment will become large. In drawing 13, the second example of the fifth 
invention solves this problem, this invention person is drawing 7 (a). The outputs 71 and 72 separated so that it 
may be shown are [ a center line and ] the include angle to accomplish alpha 1 and alpha 2 When carried out, the 
point used as alphal -alpha2 was noted. The wave front of an oscillation laser beam is concluded from becoming 
an output mirror side and parallel. If this is used, as shown in drawing 13, with a rectangular prism 14, on the 
other hand, 72 is turned up and two beams can be automatically made parallel by [ of a separation beam ] 
making it reflect in the high reflection factor part of the hole mirror 3. According to this method, what exchanges 
prism according to a beam flare angle becomes unnecessary. 

[0038] Drawing 14 is the third example of the fifth invention. In this example, the cube corner reflector 15 is 
used instead of the rectangular prism 14 of drawing 13, Since it is not based on an installation include angle but 
light is surely turned up in parallel, a cube corner reflector 15 is [ using a rectangular prism 14 rather than ] easy 
to adjust. Drawing 15 is the example of the sixth invention. In this example, one side of the light divided into two 
is turned up by the cube corner reflector 15, and light is again poured in into a laser cavity from the hole mirror 
transparency section 31. Under the present circumstances, although all the turned-up light cannot be regrouted 
in a resonator, since it is reflected in another fight and parallel as explained in relation to the fifth invention, the 
light reflected by protruding the hole mirror transparency section 31 can obtain a single laser beam beam after 
all, and can make thetad the abbreviation 1/2 of the equipment by the fifth invention. In this case, of course, it is 
also possible to turn up a laser beam with a rectangular prism 14 like the example of the fifth invention shown in 
drawing 13. 

[0039] Drawing 16 is the example of the seventh invention. In this example, the laser beam incidence end face of 
the Nd:YAG slab 1 1 is cut so that an angle of incidence may be made into a brewster s angle. At brewsterV- 
angle incidence, it is S polarization component (plane of polarization is parallel to space) It is P polarization 
component to receiving loss by plane of incidence, (plane of polarization is perpendicular to space) Loss serves 
as zero. Therefore, the output laser beam 6 turns into the linearly polarized light of only P polarization 
component as a matter of fact. In this example, 90 degrees of plane of polarization are rotated through one side 
of the laser beam divided into two to lambda/2 plate 16, and incidence is carried out to a polarization beam 
splitter 18 through the clinch mirror 17. This polarization beam splitter 16 is P polarization, (to a splitter, it is S 
polarization) It reflects and is S polarization, (to a splitter, it is P polarization) It passes. Therefore, as shown in 
drawing, two beams lap, and become one laser beam 7, and this laser beam 7 turns into elliptically polarized light. 
According to the seventh invention, thetad comparable as the sixth invention can be obtained. 
[0040] Drawing 17 is the example of the eighth invention. In this example, P polarization laser beam is outputted 
using the usual partial transparency mirror 35 by the same principle as the seventh invention shown in drawing 
16 as an output mirror. As shown in drawing, the outlines 1/2 of an output beam are divided and taken out by 
prism 14. The taken-out beam passes through the detour formed by two clinch mirrors 17, and 90 degrees of 
plane of polarization rotate it with lambda/2 plate 16 inserted in the middle. Two beams are compounded by the 
same principle as the seventh invention at one laser beam 7, and thetad of the slab cross direction is set to one 
half of origin. 

[0041] Drawing 18 (a) (b) It is the example of the ninth invention. In this invention that used the hole mirror 3 for 
the rod mold solid state laser 12, the output light 6 spreads in the shape of a cone. Although it is large, since it 
is small, for the flare of the thickness direction of a cone, the whole flare angle is drawing (b). Axicon shown with 
A view side elevation (cone lens) 19 By changing into a cylinder beam, the small beam of the whole flare can be 
obtained and the small laser beam of thetad can be obtained by the same principle as the fifth invention shown 
in drawing 1 2. 

[0042] Drawing 19 is the example of the tenth invention. In the slab laser using the hole mirror 3, ON light of the 
output light 6 divided into two is carried out to the separate optical fiber 10 with a condenser lens 20. In this 
example, as mentioned above, since it is very small, thetad of each beam has allowances in a fiber close striation 
affair, and adjustment of ON light is easy. Drawing 20 is the example of the eleventh invention. In this example, 
thetad has obtained one half of two beams of origin by the approach used by drawing 17 using the usual partial 
transparency mirror 35 as an output mirror. ON light of each beam is carried out to the separate optical fiber 10 
with a condenser lens 20. Allowances are in a fiber close striation affair also in this example, and adjustment of 



ON light is easy. 

[0043] Drawing 21 is the example which applied the twelfth invention to slab laser Unlike the above-mentioned 
hole mirror method, this example uses the concave surface mirror as a flat-surface mirror and a hole mirror 3 as 
a total reflection mirror 2. Since the whole beam flare angle becomes small from the method which uses a flat- 
surface hole mirror, this example is the configuration that did not perform single beanrHzation but it was suitable 
for the purpose using an output beam as it is. 

[0044] In addition, this twelfth invention is applicable to rod mold solid state laser as well as the example shown 

in drawing 8 . 

[0045] 

[Effect of the Invention] According to each invention, except for the eighth and eleventh invention, the 
degradation by formation of the non-oscillated field in the solid state laser in the case of being large of the 
diameter of a hole is prevented by considering as the high permeability section which is not a hole about the 
transparency section of the hole mirror as an output mirror for making thetad small, and has few reflection 
factors. 

[0046] For a start, according to the second, fifth, sixth, eighth, ninth, and twelfth invention, by the conventional 
solid state laser, if it is going to make thetad small, the problem that the range of the output which can be 
oscillated to stability is narrowed can be solved, and the solid-state-laser equipment which outputs the small 
laser beam of thetad in the large output range can be obtained. According to the third invention, by the 
conventional slab laser, since FFP becomes a rectangle, making a condensing spot circular can solve the 
problem of being difficult, and the slab laser equipment with which a circular condensing cross section is 
obtained easily can be obtained. 

[0047] According to the fourth, tenth, and eleventh invention, by the conventional solid state laser, the 
adjustment for pouring a laser beam into an optical fiber can solve the trouble that it is difficult and an 
adjustment device also becomes complicated, and optical fiber ON light can obtain very easy solid~state-laser 
equipment. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] The perspective view of the solid-state-laser equipment of one example of the first invention 
[Drawing 2] The explanatory view of a thermal lensing effect 

[Drawing 3] The sectional view showing the oscillation condition in a pinhole mirror with a big bore diameter 
[Drawing 4] A convex lens and the explanatory view of the relation of a beam waist 

[Drawing 5] The diagram showing the measurement result of the far field pattern of hole mirror mold slab laser 
[Dr awin g 6] The explanatory view of the phenomenon which the output light of hole mirror mold slab laser 
divides into two 

[Drawing 7] It is (a) about the approach of amending a separation beam in parallel. It compares with the case 
where it does not amend and is (b). Shown explanatory view 

IDJ3MDE.31 The perspective view of the solid-state-laser equipment of another example of the first invention 
[D rawin g 9] The perspective view of the solid-state-laser equipment of one example of the second invention 
[Drawing 10] The perspective view of the solid-stateHaser equipment of one example of the third invention 
[Drawing 1 1] The perspective view of the solid-state-laser equipment of one example of the fourth invention 
[Drawing 12] The perspective view of the solid-state-laser equipment of the first example of the fifth invention 
[Drawing 13] The front view of the solid-stateHaser equipment of the second example of the fifth invention 
[Drawing 14] The front view of the solid-state-laser equipment of the third example of the fifth invention 
[Drawing 15] The front view of the solid-state-laser equipment of one example of the sixth invention 
[Drawing 16] The front view of the solid-state-laser equipment of one example of the seventh invention 
[Drawing 17] The front view of the solid-stateHaser equipment of one example of the eighth invention 
[Drawing 18] The solid-state-laser equipment of one example of the ninth invention is shown, and it is (a). A 
perspective view and (b) (a) View side elevation 

[Drawing 19] The front view of the solid-stateHaser equipment of one example of the tenth invention 
[Drawing 20] The front view of the solid-state-laser equipment of one example of the eleventh invention 
[Drawing 21] The front view of the solid-state-laser equipment of one example of the twelfth invention 
[Description of Notations] 

1 1 Nd:YAG Slab 

12 Nd:YAG Rod 

2 Total Reflection Mirror 

3 Hole Mirror 

31 Hole Mirror Transparency Section 

32 High Reflector 

33 Stripe Mirror 

34 Stripe Mirror Transparency Section 

35 Partial Transparency Mirror 

4 Convex Lens 

41 Convex Cylinder Lens 

5 Concave Lens 

51 Concave Cylinder Lens 

6 Laser Beam 

7 Output Laser Beam 

8 Cylinder Light Guide Line 

9 Cone Light Guide Line 

10 Optical Fiber 

13 Roof Prism 

14 Rectangular Prism 

15 Cube Corner Reflector 

16 Lambda/2 Ptate 



1 7 Clinch Mirror 

18 Polarization Beam Splitter 

1 9 Axicon 

20 Condenser Lens 
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— 1fjK«©WK<7>#i^^S*^W«B'C3£i:fc^EJH«: 

Kt*o*BpS:#b, -SfiK^hr— A»?« hSrffl 

*5 9-Jblc:»rt**, A^o»Ki^-if3te*pa»«*fc 
-T^^Sfcv "o^ffi^ttfcttS^u— 1f*tr-A4:j3 

E^^iBJfeffi^jlCft-t-SJtfc^-t-S^afc* ®3fe®^ 
mk<DZL-z><D tr— ASrSfeS^S fc %^irz> r i 

[1**913] Ev^^iabrffifi-fS^KW^ ^-*5± 

oEa*^7-wPfl(^ *tisibfc-»^fty®^**w*s 

— 1fMKwfflSB^»ffl^5**WfliS^ESC^KItSr 

»D«bratfJ:5(cbfct>«)Cjsv^-c, if* 

Srittj»fi*fc"r5#Sfc, m*^-if*fcWR«*lSlK 
ffllBWte-ofc^MI U-r 6*«fc , 5>f 'J bfctti^j l — -tF^fc 

fc, «3fc®^gy£<0— o<7)fcf"AS:S^6^fcSr*-r 

^^fc^^mfc-r^iaf*: if 

[»*«14] EV^K*j-rtibTfi:«-r5^EW5 5— *5± 

*^K^fl5*fB^«i«K«-*o*ffi*rWb, 51® 

niMfc^iEtas (9 oog»t5ffiA if *«:P3«*fttr- 
a S * r: fc * W1K fc 5 B ^-if 
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(3) 



- 2 0 4 5 9 1 



■ 

SftOiEUTittrJ: 5Kbfcfc©tet5V^T, a^v— if* 
FSB. 

^Htt^-ifs*. 

[»*«20] H^^-i^Kff^WK-eabo, was? 

*3S3 S 5, 6, 7 S 8, 9, 10, 1U 12*3 i ^16(30 
[ 0 0 0 1 I 

9 - m \z m # u-— -r mw&mm s tifc h # if as« 

[0 0 0 2] 



4 

0i , **J&<oe— A>?3i^ M££rdi ifSi:, 0d 
= 0i di Lfc4So"C, 0i SrlWU^iro 

£ < ®tz> r. t ^s^tid fSv e>n 

[0 0 0 3] 0 d4r/h*<-r5fc«)lcia#ffl^^ns* 

(a) <i"« 

(b) ^^rtiCbf-A^^^^N°>-^^A-r5 

(c) 3p5S?)t#»B«rfflV^a 

(d) Hft:u— !fte*5V^-c, m &y?) tft^v— ifftEW 

(e) tfj^ 5: ?-fc«MtfcfcT>'*~^*»& I— tf JtSrtBA 

[0 0 0 4] 

Ri 0<feE*t3 9-22i:. a 2 G>JHB«r*5< tt$¥SR 

gi = 1 - a2 /f - ao /Ri 
g2 =1 — ai /f - ao /R2 

50 ao = ai + a 2 — a 1 az / f 

0<g1 g2 <1 (1) 

irfcSo gi , g2 t 0 , dfeSEfbl- 

[00 0 5] W%m ^ 6>*t»"n y K*"W If jSEHSr^ 

ffi<*5o ifiKir^— aeoiau'vx (jaw 

[0 0 0 6] 0 d«r/hS<-f-Sfc*K, ±IB(a) ^iU 
*iB»fiSr*:#<-r5i:, ai , a 2 ***<45 B -t 
eoftbb £ (Dfr-f i^SE-ft-efc gi . g2 j5^^<^^ 

(b) ^>^-A^l^-^/^ a ^^*fflV^5^■fefe^ * 

5C? fcW»-C*ajft*b, (a) <^*^^ 
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5 

±X^m^ts^^kXh 3 *K B ^i/^$i$kft±% v ^ 

»frB, (a) , (b) PH^ttyc^ftJ^^Ti^^V^ 

■fa*«teT*&9, (a) . (b) . (c) , 
3 e L^Lr^lt 0 d l^fcl^ 

[0 0 0 7] (e) (Dm^J^: 9 — CKt/hfetr^*— /l^SrR 

ffll^6>^T*5 9, C.K.N.Patel et a! , Appl. Phys. Let 
t„ Vol, 4 , -No. 1(1964) P18 KL&Dffltm&StlX^ 
& 0 ^ fcD. E. McCumber\ The BellSystem Technical Jou 
rnak Vol. 44(1 965) P333T-I*. ffi^j 5 9— fc^* s *5» 

SB#iffT*tt^— if3SKjMg*fe< ft«fci6^&5o bfc 

sa*£r#£ w t dsfflu t ft 9 . n v ^%mm% & ftft v \ 

£ft£ 0 eJLb<OKj&\ l*i/-fK#at5t^i:t 
5te, hffi&#;7T^'*eJ:!M^ 

«£itcft£ t 5 HJBas&S, 
[0008] *3BW^«— ^Bfttt, TOifti^«f 

M tr— A f p «G9 u -if ^® pf^g ft g if £• jg^-j- 
g {$ — if £ Sffit §:ti:J)$o 



(4) #^¥6-2 0 4 5 9 1 

<5 

[0 0 0 9] 

-f 6fctf>tr s »— <p**9iH\ SV*K#|Sj UTttBi"* 
o^ffi^^TL, u-irjKJ(A:ffl*S9-«)BBt^-lfilt 

[0010] _hiacD^— *5J:^-^s^*jtt6fc 

20 -if3t^ IfKRcoj^ift^a Jfe^BF«Bff-i?SZic^K 
^KfTl-j* t * L^Rtt^teS&a*SB58 $ tit- tfo i 5 0 

[0 0 11] ±|EO|S— ^^^H^awsr^-rsfc 

^> P3HK«%tt^ett s tit fc co t i-« 0 

[0012] ±iaco^— 

3te^C-<t9, Zo^Mtt^^W U~if^^- 
a "C * re tU A if 3fc tf — ^ * -a tf H K» b T fi 

50 -Cfc5*\ fc5VMi^«S*LfcHlAl^--1f*^^W— 
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fc^Rttfc* 5 X UTiitf <fc 0 tz LfcHttu— if 

cotT—^^m^ hfttii*5 9— ±i£^J#£ii\ _oJc# 
K 1" 5 m ft if* fcT— A 5 *> — * ft Kit £ -art ffl * 

[0 0 1 3] ±IBO!B— ©B»«r«ai+Sft:ftte, £h 
fc, ^-t<^*5&Wtt, SW-^ftLTffiB-ra^EWs 

^KltSr* 0 « LTitfri; 5 LfcUft: u~!f S«te*5 
tr— A*^* Nftm*5 _kfc:j|gj£Si§\ 3&*o»Sfv 

sf * tr— a Srtesv ^ajtffiasttst* a 

ro^Silf^^g , $MH Lfc ft ft if * tr— A ft 

^«Mg<£>— -oeo tf — A ftStea #S fc 
[0 0 14] ±IE^»-<o|W***t5fc»t, ^ 

*t*0>*ffi«r*U S8«u— tf*©tf— i^zn;* N^tH 
ir-TSo fit, H*tl^XfcJ;9tti*U— if*ftRH5 



(5) • #^^F6 - 2 0 4 5 9 1 

m*§?— -otc^m-rsm^u— if* 

¥«ttoH*i'-lPKSt**E«S;^ Ifftjasu— F 
- If* ft A C SSDB W t — o L . L fc 

#:u~ifgfitcii3v>T v ttl*5 =7—<D^^M<r>m^m 
«*«fi8t1-St©4:i-5o tti*5 9— ^©KM^MSilE 

20 #l^tfc5^ ^ ^ S ^V V 
[0 0 15] 

4^fc«*»K:K*t*ft«wt*« r. fc ^ £ 5 »ft -es at* 

— Srsat-Kf^i-a r t *s-e# a* Jtoas^^tf 
30 ofc*>fcfe«a»ic»afti», ***SEJf^^#ftife*a 

ffiT«rKJfc-raw£*ST#a 0 * 6 fc*3SK#»±s 

[0016] gr— tr— A^^^/^^^fttU* 5 
9 — tcirij/j^oT tr — A ftHif/ht- a J: 5 tclBE-f a 

5 9-«tt-etr-Aaft«/hi-a^i:fcJ:!9, 5C«ft/h 

js^ffi^^g^^tttgftMj^-ra-i^flj 
«Bt*a« 

ft, uti^J ^ 9^^^fp]f^fRl^ a oT tf — AftSfe^:i"a X 0 

(^E«i-a*te"t?fca fl R^iftBaufcja??, ni^v 

5^ XfiO*(r«*caEftLft^^fc* % n^j; 5*EBT-tf— Aft 
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10 



[0 0 18] Z^&ZlOCO^f^a^^ 

2 (2) 



1/dz 2 = l/di 2 ( 1 - Li / i ) 2 - (l/f 0) 
rrTfll4^vXOfeMfWt51^--Ai£iS!3ft-efc $g [0 0 19] ttDftte, H^fc U-^X^fci^ ? 9— 

dz =di / [l-( Li /f) ] (3) 



[0 0 2 0] — *\ ^3tl^>-XSrttl^^7— C055< KB 
d 2 ±? f 0 (4) 

tc*tU (4) jftSfifcOScoti'frttdz ttflo*tft*S 
tiK di *s**^fta, ^iO^t^PflU-^X^^ 

± o T 2 SrSESrffil 5 r. t *sffl* lv \ 30 
[0 0 2 1] fgHJ^te, *-;K7^ffl^§^7^ 

KS8U W*ttHiPK3t7T-f^Sr»Btt'rSt^ - e& 

S„ Ri£*7teS&f:i, LK. Ilev6fcj;5 0ptical 40 

and Quantum Electronics % Vol. 23 (1991) P1 01^^^ § 



[0 0 2 2] K!j5\ UIt 1 ^ ^-b. B^r^mt^ ^ 

-^^7-^ffll^^7y^-fm^, tf— J*?^ 

(FFP) T-fcSo r«3JI6*«:ffi*3t36sno^«tL. *fc 
9 f436mrad^^:^v>c>^^U, -tn-P*L«>tf— A 

[0 0 2 3] rcoafe^ EJe^-TJ: 5 i-s ^-/^^ 

5— *S»^i!h^>'X2icc»yijfcc!>it«'ettM-e#ao * 

-tz> 0 -tut, to* ^ 9— <o*aaiifi*tt, *m^cd 

L^ot, ^5 9— *Jg^f-*5^Tf4s fi^A.^ 
[0 0 2 4] SffiJ!fc^— KJrtt, l^^XyiJKiol^TH:^ 

A^?fcS Q o*!9 7ft— *SSt*3V^rtt, 

fe, sft— ttdSrjBWJ-*"a««t'Cft<, W^^ffi 

[0025] ^*-e^)#*.*-c*tt, ^<om^(o e memr 

adX&V % 0 d=36x 6=216mm madkteZ* U 5 U 
5 d = 7 x 2 x 6 =84mm mrad t*£So U/j^U, tti^J ^ 
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[0 0 2 6] RESSflCJ;!), 07(a) fci^LfciSfc: 
»(*UTittf367K 72^H7(b) KS-TJ; $ fc/i/— 7;/ 
y X-A13T^T^4iIE-rs ±fcO 6 S:*/h7mradt 

dte*/h84mm mrad ±IS<30H$a 0 di:-St 

fal£ffiA^5fc^T-&5 0 rtli:<t«? d 6 mm £ # 

£fci£>, a d 4r*/h42mm mrad tas-e* a c 

[0 0 2 7] »-t|SWx»tt, *A3SW.i:lll«o!># 
fiStcfev^r, i^-ifft^ittifeffiftct LT«RS*fc± 

42mm mrad kteZo JBASSWCHt, *"/U59-S:l^ 
&l\i§S<ox^7U — ifM^T, if 

Lt, 5>BIU*i«^— *W«3tffiSr90° InHs^Sft^ 

[0 0 2 8] lAf^lj;, zft— /V* y — y KM@f$ 
iffrzigfflLfcfcefl-TfcS,, n y KS!u— ifTrtfi— 7V 
5 7— Srffli^S <t, [fiC:^Tffi;^^2;£: 

[0 0 2 9] JB+fBKtt, u—U-'JtSr-owjte^T-f^ 

m^im?-? i<— if *th\ ta^ft a*— -ofc^ai l 

T-tft-FftflJfl d**##U:/h<^\» Ifc^ot, 

[0 0 3 0] — JBWtt, I^JtSr-oEJUKO*;^ 
r^fcAfti-««»JS*ft«o If tt^ 7^ 

v\ ^rt^ 5: 7—<os&ffix\ i — if*tr— ^^^7 

otd^l/ [iMMft] to8l/hU ffi^i:t> 0 d<75/h£ 
* if 3fe£r#5 r t iS-e* 5o w—if ft tf— A 



(7) ^ggspe - 2 0 4 5 9 1 

72 

[0 0 3 1] M+^PJ^> _bHiC0^— A" 5 7 M ltfcf 

Effete. [H6co*-7^ 7— ^iilS^GIIffis: 7— 2W 
^!)^ SJd£#;-7i^ 7— 9 /h* <4 

[0 0 3 2] 

20 liS-PM^7?lNd : YAG l>— iftCjgffl bfc^ 
kCT"CfeSo ^7^1^- iftt, ^ 7 7^fS^ft <£> 0 dfl 

3fc#-rsaWT?*»wsrafflufc 0 Nd : yag 

^7 7^11<0— ftlJ^±K4t^ 7-2, ffiffi!](Cai^^ 7-t 

TV^c 7U-5 7— 3 r±^f7^S^tfr)^ffi<?>JliaS|532 

SrSiaSfB31i:'r5 0 3JIAS31 «0^t±SWft«i*3B«»ai 
fc*SJ:5te, 6EnmK»:»&nfcc ^77^11^^ 

$ n a fcf — a 3i ^ ^ v >° ^ tf — a ti s: */h & ft 

fc#, ^^7-3Hit§ 0 */h««?u~ if*6© 
Wffieo««i&sv^i-ftfc^W31offgJ: 

fcfts. ffl*5 7— 3i^sfc6u-— if*»fsosffifiiv>r 

ftd»*saa(B31^IICffiJ: N F P — 35 

^jgMJw^fiW^^afta- 
[0033] H8tt, m-^w<Dm<Dmmmxh% 0 r 

*fc«OSjSSB34SrWi'5^ h 7^T ? 7— 33£r/Bl^T^£ 
^ $ *45 0 t.^7 v u— ifco^^^ff^-^lBjw fi d t±5c 

*/h*v^», tM^n^coe d(D^&efic»i-sy u cttT w +^ 

50 ioV^-C(t, 7^5 7— «Dffefc 9 v7'if'S^-fR](50 tf— 
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§5. rwr bte£XTX^7-?u—*?{zmir%ir-<X<D 

[0 0 3 4] m 9 &m " &m £ n y KSNd : YAGl/ 
— IfMigJH Lfc«T?, Nd : YAGP5/ K12£ifc — /US 

Cfi^otw If 3t 6 Srtt*+a tf— Art^^L^v^Sr 
Jg/£LT^5 0 r<7>»a^ NFP, FFP^V^-fiat, 

[0 0 3 5] miOteHH^KC^T^^N d : Y AG U 

— if 1 1 Srfflv^c^ffi^J-efe 5 , ^—3 

[0 0 3 6] Him^BgaSMcDn s; KIN d : YAGl/ 
— if 1 2«rffl ^ ^:»K* 5 , *-/U ^ v — 3 K. 

S^:oftj}^t^^ 0 ^$9 — 3d»6Ufci— if ft 
d f£#L^\ 

[0 0 3 7] ^Jico^ftW^f-tc, ^P^^rP 

Ufcffi^ffttf— A 7 Sr/t— XA13^fT3fcfc:*tjE 
# 9 A l£JS £"CB 7 tr^r Ufc/V'— P XA(7)Mft 0 

BajHSr^-rst^-e&So HI 7 (a) (r^ 



(8) #S¥6 - 2 0 4 5 9 1 

i" 5Mirr«tB*7K 72#***£j*i-***r* 

Xokz^ j£#Xy XAl4-e4>(itr— AW— *72*#f0iE 
U ? 7^ 3 r t [I 

3, ro*sc^j:na, tr-Ajtaso^icjscc^y x 

70 [0 0 3 8] H14tt, IS215IKWlSHC0||J6^iJ-efe6 o 

^y XAHSrfflv^a ± oii^it^^o gnsa, g? 

Sli tt-e* ftv^s, 5 9— 3SiS§S31 ^ii^ffi L 

2<9 x&m^fo&mL m^m^mM^xwim^tcXy 

±5«i«)»i/2tt5rt*-e*5a H 

[0 0 3 9] H16»4, »-bjSSK>SatOTT*fc5c ^^>* 
Jfe^J-tits Nd : YAG^7^1t^l/- if3tAMiffi® 

30 msizW-TT) *A*tffi"C*ife«rS*t*©^fcVNUs P§ 

75s o t u~ if 3t e &mm± p m*^^^^b:^m 
7-n&mxm3t¥-j»xy p y ypmnxM-rz* 

TttPflBt) ^fflig-T^ 0 Ifc^ot, H^*-fJ:5 
tc, row f - Aitift o 1 1 *ro i/^-f jt 7 i 4 o v 
40 ^<du— if^7f^Rfi^£*5o 

[0 0 4 0] H17*4, *A»W©»6«tifc5. 

Jfcv — ifJtSrHjA-rSo EK-^LfcJ; ffl^tr— A 
coMB&l/2S:^y XA14T?5>«LrBE0fflf« ^^ffi 

laftaraiBU *w»(f>Ji:ifA*ixfcX/2tt16i?«3te 
J<9 JKffltcJ:"?. if3 t c7(^^j*^ixT, ^^^1 



(9) 

15 

[0 0 4 1] 018(a) v Cb) It, **L*ffl<O*tt0!lT-*> 
£>„ 0(b) ^A$ctt«BSBI"C#-t-7 r **>'=t>' (Rituv 

fc^3£«M k ^#co®atc i 9 , e a 0>/h * ft y*3te 

[0 0 4 2] Ht9tt, »+#W<BHttW-cabS« sfc—A- 

[0 0 4 3] H21I4, JB+ZJIHt^^^^ftaf 
^SM^7-2<bLr¥B5 7- ^-/^;7 

[0 0 4 4] &;}o N ~ CO|g+~3gJ2if3\ USt^bfcll 30 
[0 0 4 5] 

[0 0 4 6] ®— N ^Zl, ®an, ^A, StfL, M 40 

-if *«rm*-r 5 H# **K«*»5 C k tf-CS «. 

fc£kv^ Eg«Sr»ftU *fi^P9^«jfc»fffi*s»e>n 
[0 0 4 7] IK, m+. IfH — *WKJ:*tfi, fiejfeeo 



2 0 4 5 9 1 

7(5 

Sr»5^k*st***o 
[HBttffilil&KH] 

[mi] »-asp^<7>-si*«^ii#^-iPse©3M«iii 
[02] n&i^xasoRwia 

[03] ?c^^^#*t 0 ^-;v5:^-ic:^o^^^^ 

[0 4] tai^xk fcf— a?^* h^i^^i^i 
[0 5 1 &-j\s*7~mx7yu—^<Dmffimi£<Dmm 

[0 7] ^«tr— AS:3pfTlz:*tjE"rs*feS:(a) tf>ffijE 

[0 8] JB"»Mos«ca*180iJ<oH#^— ^3S»ol^ 
0 

[0 9] fri!^©-*lfl^Hft i^^i^fffli 

[010] %^mm<D-mm\(Dm^-^W:mmmm 
[011] jbe9»w©— **«oh#i^— ^st«^»aia 
[012] m^mcom-^mmm^mi^^—^mm^m 

Hi 

[014] »3£»M©* = ^*J6«<^Hff^— i^Sll^iE 
B0 

[015] ltlfi«OH#^--if»««)jEBiia 
[016] **«^H#^—1fS6it^jEafia 
[017] JRA««tf5— MSW^Hft:^— rS«WjEffifH 

[018] w&L$&m<D—mifcffl<Dmfci'— u*s*sr*u 

(a) ttft&BL (b) tt(a) ^Miffii 
[019] **WWH*i^— if^gcOjEffi0 

[020] — SlBW^Hfr^lfaSll^jEBS 

111 

[021] m+^mm(o—mmm(Dmi^^—f^m.<DjEm 

11 N d : YAGX7^ 

12 N d : YAGp y K 

2 ^:Mtt — 

3 1 SDggfS 
3 2 

3 3 * F7^f-/;7- 

3 4 ^ N^-rT 0 ^ ^—WM^ 

3 5 a»3SiB5 7- 

4 £bU>-X 

4 1 ianfSf^vx 

5 [KJU^X 

5 1 dflRHi/yX 
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(10) WBH¥6 - 2 0 4 5 9 1 

17 ,18 



b 




1 5 


^ — T — -f ^. — y 


7 




1 6 




8 




1 7 




9 




1 8 




1 0 




1 9 




1 3 




2 0 




1 4 









[mi ] 

32 





[II 3] 
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[19] 
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(13) 
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[Hi 4] 
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I— / 
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[017] 



E 
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[HI 8] 



(a) 



/msa> 






[02 0] 



4 

i 



3 



/ 



7 

35 




[02 1] 
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